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Introduction 

Normal  cells  undergo  apoptosis  in  response  to  inappropriate  growth  signals  or  the  lack  of 
overt  survival  signals.  Tumor  cells  possess  defects  in  apoptosis  regulatory  pathways  and 
do  not  undergo  apoptosis  in  these  situations.  There  are  two  modes  of  apoptosis  -  an 
intrinsic  pathway  initiated  by  stress  such  as  DNA  damage  and  an  extrinsic  pathway 
resulting  from  activation  of  death  receptors.  Binding  of  ligand  to  a  death  receptor  such  as 
Fas,  TNFRl  or  TRAIL  receptors  1  and  2  leads  to  activation  of  that  receptor.  This  results 
in  the  recruitment  of  the  cytoplasmic  adaptor  protein  FADD  to  the  receptor  complex  and 
activation  of  caspase-8.  Because  FADD  is  an  essential  component  of  receptor  mediated 
apoptosis,  a  dominant-negative  version  (FADD-DN)  is  able  to  block  both  Fas  and  TNF 
induced  apoptosis  in  many  cell  lines.  However,  experiments  in  our  lab  indicate  that 
FADD-DN  can  kill  normal  human  breast  epithelial  cells  but  not  breast  tumor  cells.  Since 
the  only  known  role  of  FADD  is  an  adaptor  molecule,  our  hypothesis  is  that  FADD-DN 
induces  apoptosis  in  normal  breast  cells  through  interactions  with  one  or  more  proteins 
expressed  in  breast  epithelia.  Our  approach  is  to  identify  proteins  that  bind  to  FADD 
then  identify  the  subset  that  are  involved  in  FADD-DN  binding  using  mutational 
analysis.  Because  breast  tumor  cells  do  not  die  in  response  to  FADD-DN,  the  potential 
FADD-DN  interacting  partners  are  likely  to  be  involved  in  carcinogenesis. 

Body 

We  have  achieved  all  the  objectives  described  in  the  approved  statement  of  work  for 
years  one  and  two.  From  17  FADD-DN  interacting  proteins  identified  in  a  yeast  two- 
hybrid  assay,  two  co-immunoprecipitated  with  FADD-DN  in  mammalian  cells.  The  first 
is  the  death  receptor  DR5,  which  binds  to  the  cytotoxic  ligand  TRAIL  and  the  second  is  a 
protein  with  unknown  function,  PL3L  We  subsequently  identified  a  mutation  in  FADD- 
DN  that  prevented  interaction  of  these  proteins  with  FADD-DN. 

The  scope  for  the  third  year  of  work  was  to  determine  which  of  these  binding  partners  is 
involved  in  FADD-DN  induced  death.  The  approach  was  to  use  a  yeast  forward  two- 
hybrid  screen  to  make  compensating  mutations  in  FADD-DN  binding  partners  that  could 
restore  interaction  with  a  mutated  FADD-DN.  We  tested  the  validity  of  this  approach 
using  Fas,  which  is  a  death  receptor  known  to  bind  FADD-DN.  Several  mutations  in 
FADD-DN  that  prevent  interaction  with  Fas  (R1 17A,  D123R)  were  identified.  Using 
FADD-DN  (R117A)  as  bait,  we  performed  a  two-hybrid  screen  with  randomly  mutated 
Fas  as  prey  and  identified  several  mutant  Fas  molecules  that  could  restore  interaction 
with  FADD-DN  (R1 17A).  These  mutations  in  Fas  could  restore  interaction  with  FADD 
in  one  of  two  ways.  In  the  first  scenario,  the  mutation  in  Fas  was  specific  such  that  it 
compensated  for  the  mutation  in  FADD-DN.  In  the  second  scenario,  the  mutation  in  Fas 
increases  the  affinity  of  the  Fas  -  FADD-DN  interaction  and  does  not  specifically 
compensate  for  the  mutation  in  FADD-DN.  To  discriminate  between  these  possibilities, 
we  tested  the  mutant  Fas  molecules  that  restored  interaction  with  FADD-DN  (R1 17A)  to 
determine  whether  this  mutation  also  restored  interaction  with  FADD-DN  (D123R).  If 
the  compensating  mutation  were  specific,  interaction  with  D123R  should  not  be  restored. 
However,  in  a  directed  yeast  two-hybrid,  the  mutations  that  restored  binding  to  R1 17A 
also  restored  interaction  with  D123R.  This  indicated  that  our  approach  for  finding 
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mutation  in  FADD  interacting  proteins  that  could  restore  binding  to  a  mutant  FADD-DN 
would  not  work. 

To  determine  the  signaling  molecule  involved  in  FADD-DN  signaling,  we  focused  our 
efforts  on  DR5  because  experiments  in  our  laboratory  indicated  that  DR5  activated  a 
death  pathway  in  normal  prostate  cells  similar  to  FADD-DN  (Thorbum  et  al.,  2005). 

This  allowed  us  to  use  an  alternative  approach  to  identify  FADD-DN  mutations 
abrogated  the  FADD-DN  signaling  pathway  .  Using  site  directed  mutagenesis,  we  made 
18  YFP  (Yellow  Fluorescent  Protein)  tagged  mutations  in  FADD-DN  and  tested  each  for 
its  ability  to  interact  with  DR5  using  a  functional  screen.  Because  YFP  replaces  the 
FADD  death  effector  domain,  these  FADD  molecules  cannot  recruit  caspases  to  activated 
death  receptors,  and  thus  act  as  dominant  negatives  (Wajant  et  al.,  1998).  This  allowed 
us  to  screen  through  these  mutation  and  identify  those  that  prevented  interaction  with 
DR5.  The  transfected  HeLa  cells  were  treated  with  an  agonistic  antibody  that  activates 
DR5  and  cytotoxicity  was  measured  after  24  hours.  As  shown  in  figure  1,  seven  of  these 
mutations  (D106A,  R117A,  D123R,  R135E,  R140A,  R166E,  and  D175R)  prevented 
interaction  of  FADD-DN  with  DR5. 

Figure  1:  FADD-DN  mutations 
prevent  dominant  negative 
activity  in-vivo.  HeLa  cells 
expressing  YFP,  FADD-DN  or 
each  of  our  18  YFP-tagged 
FADD-DN  mutations  were 
treated  with  a  DR5  agonist  that 
induces  apoptosis.  Cytotoxicity 
was  determined  after  24  hours. 
Several  of  the  FADD-DN  mutants 
decreased  the  ability  of  FADD- 
DN  to  inhibit  DR5-induced 
apoptosis  indicating  that  the 
mutations  altered  binding  of 
FADD-DN  to  DR5. 

To  determine  the  efficacy  of  this  approach,  we  tested  each  of  the  mutations  that 
prevented  dominant  negative  function  by  FADD-DN  for  interaction  of  FADD-DN  with 
DR5  by  immunoprecipitation.  With  the  exception  of  D106A  which  had  the  smallest 
effect  of  all  the  FADD-DN  mutations  in  the  functional  screen,  all  of  the  mutations  that 
prevented  FADD-DN  function  also  prevented  interaction  of  FADD  with  DR5  (fig  2). 

This  indicated  that  our  approach  of  identifying  FADD-DN  mutations  that  prevent 
interaction  with  DR5  was  valid. 

Given  our  previous  experiments  with  DR5  (Thorbum  et  al.,  2005),  we  reason  that  DR5  is 
likely  the  signaling  receptor  involved  in  FADD-DN  induced  death  in  normal  prostate  and 
mammary  epithelial  cells.  Experiments  using  the  identified  FADD-DN  mutations  that 
prevent  binding  to  DR5  will  determine  whether  DR5  is  the  only  protein  involved.  If  all 
the  mutations  that  prevent  binding  to  DR5  also  fail  to  kill  normal  mammary  epithelial 
cells,  then  we  will  conclude  that  no  other  molecules  are  involved.  If  some  of  the  FADD- 
DN  mutants  are  still  able  to  kill,  then  we  will  conclude  that  other  signaling  molecules  are 


125- 


100- 


'E  75- 

Z) 

CO 

«  50- 


25- 


UJ  < 
CO  N 


z:  oc  <  oi  <  Lu  i  <c  <  <  til  <  <  Lu  tr 
T-coinoocvimcnoc\ico<Dcr>cocDtn 

<MCM<NC\JCOCOCO'^'a-"?l-xf^lOCON 

Y—  T—  T—  ^  Y“  'T“  T“  T~'  f—  T~  v— 

Qa:D:>QNc:cna:a:ujcririua:i£:5!£:irQ 


Page  5 


involved.  In  this  case  we  will  determine  whether  these  mutations  prevent  binding  to 
other  FADD-DN  interacting  partners  such  as  PL31. 


Figure  2;  Mutations  in  FADD  that 
prevent  interaction  with  DR5.  Flag- 
tagged  FADD  was  co-transfected  with 
GFP-tagged  DR5  into  HeLa  cells  and 
Flag  complexes  were  precipitated.  The 
ability  of  each  FADD  mutant  to  interact 
with  DR5  was  measured  by 
immunoblotting  for  GFP.  Whole  cell 
lysate  was  immunoblotted  with  Flag  and 
GFP  antibodies  to  determine  the  amount 
of  Flag-FADD  and  GFP-DR5  to  show 
equal  amounts  of  these  proteins  in  each 


Finally,  we  have  begun  to  move  our  findings  toward  a  more  clinical  setting.  We  have 
obtained  agonistic  antibodies  from  Human  Genome  Sciences  that  activate  DR5,  which 
are  currently  in  clinical  trials  to  treat  a  variety  of  cancers.  My  former  mentor  is 
participating  in  the  clinical  trails  in  breast  cancer  patients  at  his  new  institution.  Thus,  we 
anticipate  that  our  finding  will  help  to  understand  fundamental  differences  in  apoptotic 
signaling  pathways  between  normal  and  cancerous  breast  cells. 


Key  Research  Accomplishments 

•We  determined  that  our  previously  designed  strategy  of  identifying  the  protein(s) 
involved  in  FADD-DN  signaling  was  not  viable. 

•Using  an  alternate  strategy,  we  generated  18  mutations  in  FADD-DN  and  identified 
seven  that  prevent  interaction  with  DR5. 

•Co-immunoprecipitation  experiments  were  performed  to  identify  FADD-DN  mutations 
that  prevented  interaction  with  DR5. 

•We  constructed  plasmids  expressing  these  FADD-DN  mutations,  will  be  micro-injected 
into  human  breast  epithelial  cells  to  determine  whether  DR5  is  the  signaling  molecule 
involved  in  FADD-DN  induced  death. 
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Conclusions 

Because  our  initial  strategy  was  not  feasible  for  identifying  compensating  mutation  in 
FADD-DN  interaction  proteins,  we  designed  a  second  approach,  which  utilized  a 
functional  screen  to  identify  mutations  in  FADD-DN  that  prevented  interaction  with 
DR5.  Using  this  approach,  we  identified  seven  mutations  that  prevented  FADD-DN 
function.  These  mutations  will  be  tested  for  the  ability  to  kill  normal  breast  epithelial 
cells.  In  addition,  we  have  also  initiated  experiments  using  agonistic  DR5  antibodies  that 
are  in  clinical  trials  to  determine  the  efficacy  of  these  antibodies  to  kill  patient-derived 
tumor  cells. 
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